Increasing early diagnosis of gastric cancer has improved the survival rate. However, the prognosis for recurrent or unresectable gastric cancer remains poor. Various chemotherapy regimens have been developed for advanced gastric cancer patients based on the understanding that chemotherapy can increase the length and quality of life (1). However, only 10% of patients treated with chemotherapy survive for longer than 2 years (2).
Outcomes of Modified FOLFOX-6 as First Line Treatment in Patients with Advanced Gastric Cancer in a Single Institution; Retrospective Analysis I n t r o d u c t i o n
Increasing early diagnosis of gastric cancer has improved the survival rate. However, the prognosis for recurrent or unresectable gastric cancer remains poor. Various chemotherapy regimens have been developed for advanced gastric cancer patients based on the understanding that chemotherapy can increase the length and quality of life (1) . However, only 10% of patients treated with chemotherapy survive for longer than 2 years (2).
The older-generation 5-fluorouracil (FU) and cisplatin-based combination regimens have proven unsatisfactory, with a response rate of only 11% to 20%, and a median survival time ranging between 6 and 8 months (3, 4) . In recent randomized trials of a new-generation regimen with oral 5-FU and irinotecan, the overall response rate ranged from 25% to 41% (5, 6) . However, there remains no standard chemotherapeutic regimen for advanced gastric cancer due to concerns of chemotherapy-induced toxicity and inconsistent treatment responses.
Oxaliplatin, a new-generation alkylating agent that inhibits DNA 
Purpose
Treatment options for patients with advanced gastric cancer remain limited. Few studies have investigated the efficacy and tolerability of the combination regimen of oxaliplatin and 5-fluorouracil with leucovorin for patients with advanced gastric cancer. The goal of this study was to examine the efficacy and toxicity of a modified FOLFOX-6 (mFOLFOX-6) regimen as a first-line chemotherapy regimen for patients with advanced gastric cancer.
Materials and Methods
From March, 2006, to December, 2007, 82 patients with advanced gastric cancer received 100 mg/m 2 oxaliplatin and 100 mg/m 2 leucovorin on the first day of treatment, followed by 2,400 mg/m 2 of 5-fluorouracil on the first and second days of treatment every 2 weeks as a first-line treatment.
Results
The median age of the enrolled patients was 62 years (range; 30�75). Out of 82 patients, 34 cases (41.5%) were recurrent cases after curative resection, and the other 48 cases were unresectable or non-curative resectable cases. Their response was evaluated every 6 weeks. The overall response rate was 40.2%, with 2 (2.4%) complete response and 31 (37.8%) partial responses. The median time to progression (TTP) and overall survival (OS) time were 6.0 months (95% confidence interval [CI]: 4.69�7.31) and 13.0 months (7.99�18.0), respectively. The grade 3�4 hematologic toxicities observed included neutropenia (34.1%), thrombocytopenia (7.3%), and anemia (1.2%). The gastrointestinal toxicities observed included grade 3�4 nausea (9.8%) and vomiting (7.3%). Six patients (7.3%) experienced grade 3 neuropathy. No treatment-related deaths were recorded.
Conclusion
The modified FOLFOX-6 regimen is effective and well tolerated as a first-line chemotherapy regimen for patients with advanced gastric cancer. (7, 8) and potentially in colorectal gastrointestinal tumors (9) . Several phase II clinical trials have demonstrated an overall response rate ranging from 42% to 49% for treating advanced gastric cancer with oxaliplatin combined with 5-FU and folic acid (7, 10, 11) . However, the dose of oxaliplatin and combination agents can affect response rate, survival, and toxicity.
Key words
The goal of this retrospective study was to report the efficacy and toxicity of a modified FOLFOX-6 (mFOLFOX-6) regimen as a firstline chemotherapy regimen in patients with advanced gastric cancer. Specifically, this study investigated the effect of a biweekly protocol of 100 mg/m 2 oxaliplatin combined with 2.4 g/m 2 5-FU (46-hour continuous infusion) and 100 mg/m 2 folic acid on the response, survival, and toxicity rates of recurrent and unresectable gastric cancer.
M a t e r i a l s a n d M e t h o d s 1 Eligibility criteria
Patients diagnosed with recurrent gastric cancer after initial curative resection or presented with unresectable tumor at diagnosis were administered the mFOLFOX-6 regimen as a first-line chemotherapy regimen. The eligibility criteria were: age between 18 and 75 years; WHO performance status of two or less; life expectancy longer than 3 months; and adequate hepatic, renal, and bone marrow function. Patients were excluded from the study if they had peripheral neuropathy of National Cancer Institute common toxicity criteria (NCI-CTC) grade ≥2. Patients provided written informed consent before treatment that contained information on chemotherapy drug, treatment schedule, and toxicity.
Chemotherapy
The treatment consisted of 100 mg/m 2 oxaliplatin and 100 mg/m 2 leucovorin administered during a 2-hour intravenous infusion, followed by 2,400 mg/m 2 5-FU administered during a 46-hour continuous infusion. The cycles were repeated every 2 weeks and the chemotherapy was continued unless the disease progressed, the patient developed severe grade 4 toxicity, the patient refused further treatment, or the patient's physician decided to terminate treatment. Toxicity was graded according to the NCI-CTC version 2 and peripheral neuropathy was evaluated by the oxaliplatin-specific scale (12) . Chemotherapy was delayed for up to 14 days when neutrophil count ＜1,500 mm 3 and/or platelet count ＜100,000 mm 3 . The dose of oxaliplatin was reduced by 20% in cases of painful paresthesia lasting longer than 7 days. The dose of 5-FU was reduced by 20% for grade 3�4 gastrointestinal toxicities.
Assessment of response
Responses were classified according to Response Evaluation Criteria in Solid Tumors (RECIST) criteria. Chest radiography, abdominal ultrasound (US), and computed tomography (CT) scans of measurable lesions were performed after every 3 cycles. Responses were confirmed by subsequent CT scans every 4 to 6 weeks after the initial response documentation. The time to response was measured from the initiation of treatment until response documentation, and the response duration was measured from the time of response documentation until progression. The time to progression (TTP) was measured from the initiation of treatment until progression, and the overall survival (OS) was measured from the initiation of treatment until death.
Statistical analysis
Comparisons of response rates according to clinical factors were evaluated by Pearson chi-square analysis. Response duration, TTP, and OS were calculated according to the Kaplan-Meier method.
R e s u l t s 1 Patient characteristics
Eighty-two patients were enrolled in this retrospective study from March, 2006, to December, 2007. The median age of the enrolled patients was 62 years (range, 30�75). Thirty-four patients (41.5%) had a recurrence after curative resection and 48 patients (58.5%) had advanced gastric cancer that was impossible to resect curatively at of the initial diagnosis. Most patients (96.4%) had one or two involved regions, and their most common target lesion was a local or distant lymph node (Table 1) .
Response
Response to treatment was evaluated every 6 weeks. The median follow-up duration was 8.0 months (range: 2.0�23.0 months) and median number of follow-ups was 13 times (range: 3�35 times). The overall response rate was 40.2%, with 2 patients (2.4%) experiencing a complete response and 31 patients (37.8%) experiencing a partial response ( Table 2 ). The median time to response was 1.5 months (range: 1.5�3.0 months), and the median response duration was 5.5 months (95% CI: 3.74�7.27). The median TTP and OS were 6.0 months (95% CI: 4.69�7.31; Fig. 1 ) and 13.0 months (95% CI: 7.99 �18.0; Fig. 2 ), respectively. Grade 3�4 hematologic toxicities included neutropenia (34.1%), thrombocytopenia, (7.3%), and anemia (1.2%). Gastrointestinal toxicities included grade 3�4 nausea (9.8%) and vomiting (7.3%). Six patients (7.3%) experienced grade 3 neuropathy. No treatmentrelated deaths were recorded (Table 3) . 
Dose intensity

D i s c u s s i o n
As a primary treatment for recurrent or advanced gastric cancer, a regimen of oxaliplatin combined with 5-FU and leucovorin showed an acceptable response rate and tolerable toxicity in three phase II clinical trials, but the insufficient number of patients restricts any definitive conclusions (10, 11, 13) . Based on response and tolerance rates, patients with recurrent or advanced gastric cancer who presented with unresectable disease received the mFOLFOX-6 regimen as a first-line treatment. Eighty-two patients were enrolled in this study, more than previous phase II trials, and showed an acceptable response rate (40.2%) and tolerance. Age was evenly distributed, with 36 patients (43.9%) between 60 and 75 years of age and 46 patients (56.1%) less than 60 years of age, all with relevant WHO performance status, life expectancy, and internal organ function, allowing statistical analysis of efficacy and toxicity.
The combination of a platinum analogue and 5-FU is still the most widely used regimen in advanced gastric cancer. In Europe, two triplet regimens-5-FU, doxorubicin, and methotrexate (FAMTX) and epirubicin, cisplatin, and 5-FU (ECF)-are commonly used, but response rates and overall survival are not different than double regimens (14) . New cytotoxic agents, including docetaxel, irinotecan, oxaliplatin, capecitabine, and S-1, have been developed, and many clinical trials containing these new agents have been conducted. Although docetaxel has demonstrated improved response rates and TTP for advanced gastric cancer, it causes serious toxicity (6) . Irinotecan has demonstrated no definite advantage in efficacy compared to cisplatin (15) . The results of a Japanese trial (JCOG9912, SPIRITS) and a REAL-2 study demonstrated that S-1 or capecitabine can substitute for 5-FU and that oxaliplatin can substitute for cisplatin (5, 16, 17) . However, no standard regimen has been established for advanced gastric cancer.
Oxaliplatin is a platinum derivative in the same family as cisplatin and carboplatin. Although the exact mechanism of oxaliplatin remains unclear, the cytotoxicity of platinum compounds results from inhibition of DNA synthesis. Oxaliplatin is typically administered in combination with fluorouracil and leucovorin in a combination known as FOLFOX for the treatment of colorectal cancer. Previous studies of the FOLFOX regimen for treating advanced colorectal cancer have demonstrated an overall response rate of over 40% and successful progression-free survival (18, 19) . The hematologic toxicities most frequently reported for the FOLFOX regimen in colorectal cancer are anemia and neutropenia, and the most frequent non-hematologic toxicities are nausea, vomiting, diarrhea, and peripheral neuropathy. acute, reversible sensitivity to cold and numbness or tingling in the hands and feet.
The response rate and TTP in this study are comparable to those found in previous phase II trials of oxaliplatin combined with 5-FU and leucovorin for patients with advanced gastric cancer (Table 4; 10, 11, 13, 20) . The response rate in this study (40.2%) was somewhat lower than previous studies (42.9�48%), but the proportion of stable disease (42.7%) was higher and there was less disease progression (17.1%). The median TTP in this study (6.0 months) was similar to other studies (5.6�6.2 months). Surprisingly, the median OS in this study was 13.0 months, higher than previous studies (8.6�10.8 months), potentially because all patients received the mFOLFOX-6 regimen initially after cancer recurrence or diagnosis. Additional reasons for increased survival could be the increased efficacy of the second-line or subsequent therapy as well as the rather strict eligibility criteria and favorable patient characteristics. Forty patients (48.8%) received second-line chemotherapy, mostly due to progression of disease during follow up after first-line chemotherapy. A FOLFIRI regimen was administered as second-line chemotherapy in 24 patients (60%). The FOLFIRI regimen, a good alternative to a FOLFOX regimen, has demonstrated efficacy and safety for metastatic colorectal cancer (18) . The others received docetaxel, paclitaxel, and S-1.
The cumulative oxaliplatin dosage of 800 to 1,000 mg/m 2 results in reversible sensory neuropathy, which is the most serious and common complication of chemotherapy schedules in most trials using a FOLFOX regimen, and leads to the chemotherapy discontinuation. In many phase II studies with a FOLFOX regimen for recurrent or advanced gastric cancer, oxaliplatin (85 mg/m ), but showed a higher incidence of grade 3 neuropathy (21%) than other studies, with more grade 3�4 hematologic toxicities (11) , including anemia (11%), neutropenia (38%), and leucopenia (19%).
This study used a modified FOLFOX-6 regimen with a high dose of oxaliplatin (100 mg/m 2 ) but did not use bolus 5-FU. High dose oxaliplatin improves the response rate and prolongs TTP in the treatment of advanced colorectal cancer (7) . Moreover, the high oxaliplatin dose intensity and the low rate of toxicity were demonstrated in several FOLFOX studies of advanced colorectal cancer (23) . In this study, the notable grade 3�4 toxicities were neutropenia (34.1%), leucopenia, (24.4%), nausea (9.8%), and vomiting (7.3%). Only 6 patients (7.3%) experienced grade 3 neuropathy, a proportion similar to that of FOLFOX regimens administering 85 mg/m 2 oxaliplatin. Moreover, the dose intensity of oxaliplatin of 93.7 mg/m 2 /2 weeks verified the feasibility of high dose oxaliplatin. These results indicate that a mFOLFOX-6 regimen of 100 mg/m 2 oxaliplatin is as safe and effective as other FOLFOX regimens for patients with unresectable or recurrent gastric cancer.
C o n c l u s i o n
The results of this retrospective study demonstrate that a regimen consisting of a high dose of oxaliplatin and 5-FU combined with leucovorin is effective as a first-line treatment and has an acceptable toxicity profile for patients diagnosed with recurrent or advanced gastric cancers. Further prospective randomized studies to determine the most effective and tolerable dosage of oxaliplatin and to compare conventional and current regimens would be warranted.
